To investigate the incidence and risk factors as well as prognosis of autoimmune hemolytic anemia (AIHA) following allogeneic hematopoietic stem cell transplantation (allo-HSCT), a total of 1377 adult hematological malignancies at three institutions were enrolled in this study. The 3-year cumulative incidence of AIHA was 2.2 ± 0.4%. Multivariate analysis showed that haploidentical donors (HRDs) and chronic graft vs host disease (cGVHD) were the independent risk factors for AIHA.
| INTRODUCTION
Autoimmune hematological diseases (AHDs) have been reported to occur more frequently than other autoimmune complications after allogeneic hematopoietic stem cell transplantation (allo-HSCT). [1] [2] [3] [4] [5] [6] [7] [8] Autoimmune hematological diseases may affect a single lineage of blood cells, for example, autoimmune hemolytic anemia (AIHA) and immune thrombocytopenia (ITP), or 2 and/or 3 lineages, for example, Evans syndrome. In these AHDs, AIHA is the most common with estimates of the incidence between 2% and 6% 7, [9] [10] [11] in recipients of allo-HSCT. AIHA posttransplants have been proved to be associated with many factors, such as human leukocyte antigen (HLA)-mismatched transplants, chronic graft vs host disease (cGVHD), using antithymocyte globulin (ATG), and so on. 5, [12] [13] [14] In recent years, an increasing incidence of AIHA has been observed. Haploidentical and unrelated transplants have been widely used, 12, 15, 16 whether haploidentical transplants could cause AIHA is rarely reported. Corticosteroids are usually used as first-line treatment for AIHA, but the effective rate is approximately 10%-40% in patients with AIHA posttransplants. 3, 10, 17, 18 In our multicenter report, we retrospectively analyzed the incidence and risk factors, and the outcomes of corticosteroids combined with cyclosporine A (CsA) or corticosteroids monotherapy as initial treatment in the patients developed AIHA after allo-HSCT.
| PATIENTS AND METHODS

| Study design and patients
All consecutive adult patients with hematological malignancies who underwent first allo-HSCT between December 2011 and December 2016 at Nanfang Hospital, Xiangya Hospital, and First Affiliated Hospital of Guangxi Medical University were analyzed in this retrospective study. Medical records for all patients were reviewed for demographic data, primary diseases, transplant-related parameters, and AIHA including information on the history and treatment of AIHA pretransplantation. If the patients had a history of AIHA pretransplantation, they were excluded. This study was performed in accordance with the Declaration of Helsinki and was approved by the Institution Review Board of our institution.
| Transplant procedures
High-resolution molecular techniques were used to detect HLA typing of recipients and donors. 11 All patients received myeloablative conditioning regimens. The selection of conditioning regimens was as follows: (a) BuCY (busulfan + cyclophosphamide) or BuF (busulfan + Fludarabine) was applied to patients who had myeloid malignancies with complete remission (CR); (b) TBI + CY (total body irradiation + cyclophosphamide) were applied to patients who had lymphoid malignancies with CR; (c) fludarabine + cytarabine + TBI + CY + etoposide (VP-16) were applied to patients with no CR (NR). 11, 16, 19 Grafts from peripheral blood stem cells (PBSCs) were used in HLA-matched sibling transplantation patients and unrelated donor transplantation patients. Grafts from PBSCs combined with bone marrow (BM) were used in haploidentical transplantation patients. The selection of graft vs host disease (GVHD) prophylaxis regimens was as follows: (a) CsA + methotrexate (MTX) (at days + 1, 3, and 6) were applied to patients who received transplants from HLA-matched sibling donor (MSD); (b) CsA + MTX + ATG (7.5 mg/kg) were applied to patients who received transplants from matched unrelated donor (MUD); (c) CsA + MTX + ATG (7.5-10 mg/kg) + mycophenolate mofetil (MMF) (0.5 g, 2/d × 28 days) were applied to patients who received transplants from haploidentical donor (HRD). 11, 16 
| Diagnosis and response criteria of AIHA
As previously reported, 14, 18, 20 the diagnostic criteria of AIHA and Evans syndrome diagnoses were described below. The diagnostic criteria of AIHA included: (a) a positive direct antiglobulin test (DAT); (b) a positive indirect antiglobulin test with broad reactivity to red blood cells in the serum and eluate; (c) clinical and laboratory evidence of hemolysis (increase in lactate dehydrogenase and bilirubin levels, decrease in hemoglobin [Hb] and haptoglobin levels, or increase in transfusion requirements); and (d) a differentiation diagnosis. Patients of DAT positivity caused by ABO (blood group of ABO) antibodies and patients had history of AIHA or a positive DAT before HSCT were excluded. Patients who never had a DAT positivity were not presumed to have clinically significant AIHA. Patients who had a positive DAT but had evidence of nonimmune hemolysis, for example microangiopathic hemolytic anemia, were also excluded. Furthermore, the primary and secondary poor graft function posttransplants were also excluded from the diagnosis of AIHA after allo-HSCT. The diagnostic criteria of Evans syndrome: either a simultaneous combination or a sequential combination of ITP and AIHA with DAT positivity.
Responses were mainly evaluated at 4 and 12 weeks after initial treatment. Thresholds for determining response were based on standard and previous studied outcome criteria for AIHA and Evans syndrome. 11, 21 The criteria for effectiveness were as follows: (a) CR: Hb level of 12 g/dL and a platelet (PLT) level of 100 g/L or more in the absence of a transfusion without features of hemolysis (normal bilirubin and lactate dehydrogenase levels ± normal haptoglobin level if performed); (b) partial response (PR): Hb level of at least 10 g/dL with an increase of at least 2 g from baseline and a PLT level of at least These patients received corticosteroids combined CsA treatment who obtained no response after the 4 weeks' initial treatment changed their regimen by adding second-line treatments so that was excluded from AIHA relapse analyses. c This patient received corticosteroids monotherapy who did not response to the 2 weeks' initial treatment changed their regimen by adding CsA so that was excluded from AIHA relapse analyses. 50 g/L; (c) NR: failure to meet the above two criteria; and (d) the overall response (OR) rate included both CR and PR.
| Evaluation points and definitions
This study mainly focused on the incidence and risk factors of AIHA, treatment response, treatment-related mortality (TRM), malignant diseases relapse, disease-free survival (DFS), and overall survival (OS). In patients with AIHA in CR or PR, relapse of AIHA was defined as the loss of CR or PR status, respectively. Relapse of malignant diseases was defined by reappearance of blasts in the peripheral blood, recurrence of BM blasts >5%, or development of extramedullary disease infiltrates at any site. Treatment-related mortality was defined as death from any cause except malignant diseases relapse. Disease-free survival was defined as survival in a state of continuous CR. Overall survival was defined as the earliest time from AIHA diagnosis to death from all causes. 
| Statistical analysis
| Patients' demographics and baseline characteristics
Of the 1381 patients with hematological malignancies enrolled in this retrospective study, 1377 were retained for analysis, and four were excluded due to the history of AIHA before transplantation. Among the 1377 patients retained for analysis, 651 patients came from Nanfang Hospital, 266 patients came from Xiangya Hospital, and 460 patients came from First Affiliated Hospital of Guangxi Medical University. These patients had a median age of 30 years (range, 13-78 years), with 752 males and 625 females. The underlying diseases included myelogenous leukemia (n = 782) and lymphoid leukemia (n = 595). Nine hundred and ninety-three patients achieved CR and 384 patients were in PR or NR at the time of transplantation. Seven hundred and sixty-six patients received MSD, 328 MUD, and 283 HRD transplants. were treated with immunosuppressive agents, including six cases with GVHD prophylaxis that gradually tapered and nine with GVHD treatment ( Table 1 ). The baseline and transplant characteristics of patients with and without AIHA are shown in Table 2 . The overall 3-year incidence of AIHA posttransplantation was 2.2 ± 0.4%, and the 3-year incidence of AIHA in HRD, MUD, and MSD was 6.3 ± 1.6%, 1.8 ± 0.8% and 1.0 ± 0.4%, respectively. HRD had higher incidence than MUD (P < .001) and MSD (P = .004), but there was no difference between MUD and MSD transplants (P = .222) ( Figure 1 ). Univariate analysis showed that donor source, HLA mismatched, ATG, and cGVHD were risk factors for AIHA ( Table 2) , but multivariate analysis showed that only HRD and cGVHD were risk factors for AIHA (Table 3 ).
| Incidence and risk factors of AIHA
| Treatment and response
Among the 26 patients diagnosed AIHA, only 25 patients had access to treatment because one patient with AIHA died of infectious shock 2 days after the diagnosis of AIHA. Of the 25 patients who received treatment on the basis of their original immunosuppressive agents, 15 had corticosteroids (1-2 mg/kg) combined with CsA as initial treatment and the remaining 10 patients had corticosteroids (1-2 mg/kg) monotherapy as initial treatment. Baseline information between the two treatment groups is shown in Table 4 .
After 4 weeks of initial treatment, one patient who received corticosteroids treatment was excluded from effect analysis because the patient did not respond to the 2-week initial corticosteroids treatment and received corticosteroids combined with CsA. The OR rate was 80.0% and 77.7% (P = .635), and the CR rate was 66.7% and 11.1% (P = .013), respectively, in patients who received corticosteroids combined with CsA and corticosteroids monotherapy. Five patients who had no response to treatment after 4 weeks all received second-line treatments, including rituximab (n = 4) and CsA + MMF (n = 1). Within 12 weeks of treatment, all patients had response. One patient (6.7%) experienced AIHA relapse who received corticosteroids combined with CsA treatment, while five (50.0%) experienced relapse who received corticosteroids monotherapy (P = .023) at a median follow-up of 22 months (range, 6-56 months). Fortunately, all of the relapsed patients achieved remission again after immunosuppressive therapy.
| Survival
Twenty-three patients were alive and three were dead at a median follow-up of 662 days (range, 2-1726 days) after AIHA. The causes of death included infections (n = 2) and leukemia relapse (n = 1). To avoid the effect of the patients who died or relapsed before onset of AIHA, we chose the earliest date of AIHA onset (on 34 day posttransplants) as a landmark to calculate the outcome (relapse, OS, TRM). Of the 1351 patients without AIHA, 1335 cases were enrolled in analysis for malignant disease relapse, TRM, DFS, and OS based on the above contents. The 3-year cumulative incidence of malignant diseases relapse, DFS, and OS posttransplant were 27.5 ± 1.2%, 56.1 ± 1.5%, and 64.5 ± 1.5%, respectively. The 3-year cumulative incidence of malignant diseases relapse was 4.4 ± 4.3% and 28.0 ± 1.3% (P = .013) ( Figure  2A) , TRM posttransplants was 8.9 ± 6.3% and 17.4 ± 1.2% (P = .431) ( Figure 2B ), DFS was 56.1 ± 1.5% and 86.7 ± 7.2% (P = .011) ( Figure 2C ), and OS was 86.3 ± 7.4% and 64.1 ± 1.5% (P = .054) ( Figure 2D) , respectively, for patients with AIHA and those without AIHA. Risk factors for malignant diseases relapse and survival are presented in Table 5 . In multivariate analysis for malignant diseases relapse and DFS, myelogenous disease, CR at transplantation, cGVHD, and AIHA were beneficial factors. In multivariate analysis for OS, CR at transplantation and cGVHD were beneficial factors.
| DISCUSSION
In this study, we retrospectively reviewed the incidence of AIHA in a multicenter from southern China. Our result showed that the 3-year incidence of AIHA in HRD, MUD, and MSD was 6.3 ± 1.6%, 1.8 ± 0.8%, and 1.0 ± 0.4%, respectively, which was consistent with our single-center report. 11 Multivariate analysis demonstrated that HRD and cGVHD were risk factors of AIHA posttransplants. It has been reported that the most common AHDs posttransplant was AIHA. 7, 10, 13, 14 In our group of 26 patients with AIHA, our result showed that seven patients diagnosed with Evans syndrome were accompanied with thrombocytopenia and they mainly occurred in HRD patients (n = 6). The treatment of AIHA posttransplants is no consensus. This AIHA is more refractory to corticosteroids as a first-line treatment compared with primary AIHA. 18, 22, 23 To those who failed in response to corticosteroids treatment, second-and third-line treatments, such as rituximab, CsA, and MMF, were administered, with an effective rate of approximately 60%-85%. 3, 10, 17, 18 In this report, we compared the efficacy of corticosteroids combined with CsA to corticosteroids monotherapy as initial treatment for AIHA after allo-HSCT. Our results demonstrated that corticosteroids combined with CsA were superior to corticosteroids monotherapy as initial treatment for AIHA. Rituximab is frequently used as second-line therapy for AIHA, with effective rate of above 80%. 7, 10, 24, 25 In our study, the four patients who failed to respond to initial therapy all had a response to rituximab. Relapse occurred in approximately 50% of patients with primary AIHA, but the relapse rate for AIHA posttransplants had rarely been reported. 26, 27 In our study, the relapse rate was higher in the Whether AIHA contributes to increase TRM has not yet been defined. 7, 12, 18 Daikeler et al suggested that AIHA was not attributable to TRM. 7, 12 In contrast, Sokol et al 28 and Meng et al 18 reported that AIHA contributed to increase TRM. Our results demonstrated that AIHA did not contribute to increase mortality instead of increasing DFS. The good survival of AIHA patients was attributed to good therapeutic responses of AIHA and a lower rate of relapse for primary malignancies. Interestingly, only one patient experienced primary malignancy relapse in 26 patients with AIHA in our study and the 3-year cumulative incidence of malignant diseases relapse was 4.4 ± 4.3% while the incidence of patients without AIHA was 28.0 ± 1.3% (P = .013). Our result showed that patients with AIHA had low primary malignancy relapse which was consistent with Sanz J's study. 14 Sanz reported that none of the 12 cases with AIHA died of primary malignancy relapse. A reasonable interpretation of low primary malignancy relapse rate in patients with AIHA might be grafts vs malignancy (GVM) effects in these patients. 29, 30 In this report, our result showed that cGVHD was a risk factor of AIHA and it was a protective factor for primary malignancy relapse, which supported our above interpretation. Whether AIHA-induced immune responses contributed to GVM effects is worth further study.
A major limitation of the study was that this is a retrospective analysis of data. Some relevant factors might not be deeply discussed and found because of incomplete data records and the data records might not be accurate enough which could increase the error of the acquired data.
| CONCLUSION
In conclusion, our results suggest that HRD transplants and cGVHD are risk factors for AIHA and corticosteroids combined with CsA are superior to corticosteroids as initial treatment for AIHA. Notably, AIHA does not contribute to increase TRM instead of contributing to reduce primary diseases relapse.
